Objective. To investigate the validity of the 8 th edition of the American Joint Committee on Cancer (AJCC) TNM staging system for gastric cancer. Methods. The clinicopathologic data of 7371 patients who were diagnosed with gastric cancer and had 16 or more involved lymph nodes (LNs) were retrieved from the Surveillance, Epidemiology, and End Results (SEER) database and retrospectively reviewed. Results. Stage migration occurred primarily during stage III between the 7 th and 8 th edition TNM staging systems. Stages IIIB and IIIC in the 7 th edition staging system were divided in the 8 th edition and had obvious differences in survival rates (both P < 0 001). The 8 th edition TNM stages IIIC and IV showed similar survival rates (P = 0 101). The prognosis of patients with T4aN3bM0 was not different from that of patients with TxNxM1 (P = 0 433), while the prognosis of patients with T4bN3bM0 was significantly poorer than that of patients with TxNxM1 (P = 0 008). A revised TNM system with both T4aN3bM0 and T4bN3bM0 incorporated into stage IV was proposed. Multivariable regression analysis showed that the revised TNM system, but not the 7 th and 8 th editions, was an independent factor for disease-specific survival (DSS) in the third step of the analysis. Further analyses revealed that the revised TNM system had superior discriminatory ability to the 8 th edition staging system, which was also an improvement over the 7 th edition staging system. Conclusion. The 8 th edition of the AJCC TNM staging system is superior to the 7 th edition for predicting the DSS rates of gastric cancer patients. However, for better prognostic stratification, it might be more suitable for T4aN3bM0/T4bN3bM0 to be incorporated into stage IV in the 8 th edition TNM staging system.
Introduction
Although its incidence is declining, gastric cancer remains one of the most common malignant tumors throughout the world and the second leading cause of cancer-related death worldwide [1, 2] . Accurate categorization of the tumor stage, including the invasive depth, lymph node (LN) metastasis and optimization of T and N categories, is crucial for prognostic assessment and decision-making of the stage-specific therapeutic strategy [3] . The American Joint Committee on Cancer (AJCC) TNM staging system for gastric cancer is the most important independent prognostic factor, and this system has been revised several times over the past three decades [4] [5] [6] [7] . The 7 th edition of the AJCC staging system was published in 2010. Although many studies have demonstrated that the 7 th edition TNM staging system is better for prognostic prediction and has better reproducibility than the previous TNM staging systems, several limitations still exist [8, 9] . One such limitation is that although the N3 category was divided into N3a (7-15 involved regional LNs) and N3b (≥16 involved regional LNs), these divisions were not incorporated throughout the TNM staging system, which could reduce the efficiency of its prognostic prediction. Another limitation is that the prognosis of patients with disease classified into parts of stage IIIc according to the 7 th edition TNM system, including T4aN3bM0, T4bN3aM0, and T4bN3bM0, was similar to that of patients with stage IV, which reduced the prognostic stratification capacity between stage IIIC and stage IV. The 8 th edition of the AJCC TNM staging system was introduced in 2017 and reflected several changes from the 7 th edition, particularly regarding the combination of stage III [10] [11] [12] [13] . Several studies [14] [15] [16] [17] [18] have reported that, compared with the 7 th edition, the 8 th edition provides better or comparable discrimination of overall survival differences among each TNM stage. However, little is known regarding the prognostic prediction ability of the 8 th edition staging system for disease-specific survival (DSS) in gastric cancer, especially for patients with 16 or more examined LNs.
In light of this evidence, we performed a retrospective study with 7371 gastric cancer patients selected from the Surveillance, Epidemiology, and End Results (SEER) Program database to evaluate the efficacy and validity of the 8 th edition of the AJCC TNM staging system for prognostic assessment and to provide guidelines for revising future editions of the AJCC staging system for gastric cancer staging.
Materials and Methods

Patients.
A retrospective review of all gastric cancer patients from the SEER database between 1973 and 2013 was performed. A total of 99,253 patients from 18 SEER registries were initially screened. Cases were selected based on the primary site code (C16.0-C16.9, stomach) and associated histology codes (8021-8022, 8140, 8142-8145, 8210-8211, 8255, 8260-8263, 8323, 8480-8481, 8490, 8560, 8570, and 8574) [19, 20] . Patients with secondary tumors and negative histology were excluded. Patients were also excluded if they had not undergone lymphadenectomy (n = 24,834) or had fewer than 16 examined LNs (n = 62,065) or if incomplete information regarding T stage (n = 4918), N stage (n = 5), and M stage (n = 60) was available. Finally, a total of 7371 patients were enrolled in the study (Supplementary Figure 1) .
Study Design.
Patients' clinicopathological characteristics, such as age at diagnosis, gender, race, tumor site, tumor size, grade, T stage, N stage, and M stage, were collected. The pathological T stage, N stage, M stage, and final TNM stage were restaged to reflect the 7 th and 8 th editions of the AJCC staging system [10, 21] . Univariate survival analysis was used to assess the relationships between clinicopathological factors and DSS. To investigate the validity of the revised TNM system, a 3-step multivariate analysis was performed. In the 1 st step, all the factors that were significant in the univariate analysis as well as the 7 th edition TNM staging system were included; the 8 th edition and the revised staging system were excluded. In the 2 nd step, the 8 th edition TNM staging system was also included but not the revised staging system. Finally, in the 3 rd step, all three TNM systems were included.
Statistical Analysis.
All enumeration and measurement data were analyzed using SPSS 17.0 for Windows. The univariate survival analysis was performed using the KaplanMeiermethod, and the significance of the differences between the groups was analyzed using the log-rank test. Stepwise multivariate survival analysis was performed using a Cox proportional hazards regression model to measure the independent contribution of each variable to survival. The concordance index (C-index), area under the curve (AUC) of the receiver operating characteristic (ROC) curve, and the Akaike information criterion (AIC) were used to measure the discriminatory ability of the models. For all analyses, only P < 0 05 was considered statistically significant. th edition TNM system. As shown, there were significant differences in survival for the 7 th edition stage IIIB and IIIC (both P < 0 001) patients but not for the stage IIB (P = 0 221) and IIIA patients (P = 0 458) stratified according to the 8 th edition TNM system. However, when stratified according to the 7 th edition TNM system, significant differences in survival could not be observed for the 8 th edition stage IIIA (P = 0 091) patients, but the 8 th edition stage IIIB (P = 0 029) and IIIC (P = 0 006) patients showed significant differences.
Results
To investigate whether the number of examined LNs affected the stage migration from the 7 th edition system to the 8 th edition, patients were divided into two groups according to the total number of examined LNs [12] : 5320 patients with 16-29 examined LNs and 2051 patients with ≥30 examined LNs. As shown in Supplementary Table 2 and Supplementary Figure 2 , for patients with 16-29 examined LNs, patients with disease classified by the 7 th edition as stage IIIB and IIIC disease (both P < 0 001) had significant differences in survival when stratified according to the 8 th edition system, which was consistent with the results obtained from the overall cohort. Interestingly, for patients with ≥30 examined LNs, there were significant differences in survival for those classified by the 7 th edition with stages IIB, IIIB, and IIIC disease (all P < 0 001) but not for those classified by the 8 th edition system with stage IIIA disease (P = 0 826). However, when stratified according to the 7 th edition system, significant differences in survival could not be observed for all the subgroup of the 8 th edition stage III patients (all P > 0 05) (Supplementary Table 3 and Supplementary Figure 2) . These results suggested that the 8 th edition system could provide better accuracy than the 7 th edition for stage III stratification, especially for patients with ≥30 examined LNs. Significant differences in prognosis were observed, including those between patients with the N3a and N3b categories (P < 0 001). Additionally, significantly different survival rates were observed among most of the groups classified by the two different editions of the TNM system (all P < 0 001), except between patients with stages IIIC and IV disease as classified by the 8 th edition (Figures 1(c) and 1(d)). The 5-year survival rates according to the T and N categories are shown in Figure 2 . For the patients with disease in each T category, survival was significantly different among patients with disease in different N categories (all P < 0 001). Similarly, for the patients with disease in each N category, survival was significantly different among patients with disease in different T categories (all P < 0 001). Moreover, significant differences in prognosis between the N3a and N3b categories were observed for patients with disease in the T3 (P < 0 001), T4a (P < 0 001), and T4b (P < 0 001) categories but not for those with disease in the T1 (P = 0 332) and T2 (P = 0 610) categories.
3.4. Revised TNM System. In the 8 th edition TNM system, patients with stages IIIC and IV disease showed similar survival rates (P = 0 101, Figure 1(d) ). Further analyses showed that the prognosis of patients with T4bN3aM0/T3N3bM0 disease was significantly better than that of patients with TxNxM1 disease (P = 0 044 and P = 0 002, Figure 3(a) ), and the prognosis of patients with T4bN3bM0 disease was significantly worse than that of patients with TxNxM1 disease (P = 0 008, Figure 3(a) ). Additionally, the prognosis of patients with T4aN3bM0 stage disease was not significantly different from that of patients with TxNxM1 stage disease (P = 0 433, Figure 3(a) ). We hypothesized that T4bN3bM0, T4aN3bM0, and T3N3bM0 were incorporated step by step into stage IV so that the prognosis of patients with T4bN3bM0/TxNxM1 stage disease was significantly different from that of patients with T4aN3bM0/T4bN3aM0/ T3N3bM0 stage disease (hazard ratio (HR): 1.047, 95% confidence interval (CI): 1.020-1.076, P = 0 001, Figure 3(b) ); the prognosis of patients with T4bN3bM0/T4aN3bM0/TxNxM1 stage disease was significantly different from that of patients with T4bN3aM0/T3N3bM0 stage disease (HR: 1.062, 95% CI: 1.029-1.097, P < 0 001, Figure 3(c) ), and the prognosis of patients with T4bN3bM0/T4aN3bM0/T3N3bM0/ TxNxM1 stage disease was significantly different from that of patients with T4bN3aM0 stage disease (HR: 1.048, 95% CI: 0.993-1.106, P = 0 089, Figure 3(d) ). Based on these results, we proposed a revised TNM system in which both T4aN3bM0 and T4bN3bM0 were incorporated into stage IV.
Univariate Analysis and 3-
Step Multivariate Analysis. In the univariate analysis, age, race, tumor site, tumor size, grade, the 7 th edition TNM system, the 8 th edition TNM system, and the revised TNM system were significantly correlated with survival (all P < 0 05). In the 1 st step of multivariate analysis, age, race, tumor size, grade, and the 7 th edition TNM system were confirmed to be independent prognostic factors (all P < 0 05). When the 8 th edition TNM system was included in the 2 nd step of multivariate analysis, it was also confirmed to be an independent prognostic factor (P < 0 05). However, when all three TNM systems were analyzed in the 3 rd step, only the revised TNM system but not the 7 th or 8 th TNM staging systems was an independent prognostic factor (P < 0 05) ( Table 2 ).
3.6. The Revised TNM System Has Better Prognostic Stratification Than the Other Two Systems. The performances of all three TNM stage systems were assessed using the C-index, AUC, and AIC (Table 3 and Supplementary th edition TNM system. Taken together, these results revealed that the revised TNM system had superior discriminatory ability to the 8 th edition system, which was also an improvement over the 7 th edition system.
Discussion
The TNM classification of cancer is the most important independent prognostic factor and is considered to play a fundamental role in treatment. For gastric cancer, several editions of the TNM system have been published in the past 30 years. Major changes in these editions have mainly focused on both the T staging system and the N staging system [7, 21] . The 7 th edition of the AJCC TNM classification system released in 2010 has proven to be an excellent classification system and has been extensively used for gastric cancer staging worldwide. However, several problems, including N3a and N3b subcategories that do not require individual determinants in the final TNM stage, have been associated with its use [8, 22] . Consequently, the 8 th edition of the AJCC TNM classification system for gastric cancer was published in 2017 and included major revisions in the N classifications and stage III. However, the validity of these revisions remains unknown.
In the present study, significant differences in survival were observed among patients with disease in different T categories according to the 8 th edition staging system. Moreover, for patients with disease in each N category, there were significant differences in prognosis among those with disease in different T categories. These results indicate that the T staging system in the 8 th edition has excellent prognostic stratification. Although the same subcategories of the N staging system are used in the 7 th and 8 th editions, the N3a and N3b categories are individual determinants of the final TNM stage in the 8 th edition but not in the 7 th edition. In the present study, for the 8 th edition N staging system, significant differences in survival were observed between patients with disease in the N3a and N3b categories and among those with disease in different N categories. Additionally, for patients with disease in each T category, there were significant differences in prognosis among those with disease in different N categories, including the N3a and N3b categories. Our data are consistent with those of previous studies, which indicated that the prognosis of patients with more than 15 metastatic LNs is significantly worse than that of patients with 7-15 metastatic LNs [9, 23, 24] . These results suggest that it is reasonable to subclassify the N3 category into N3a and N3b subcategories and, more importantly, to include different determinants in the final TNM system.
In addition, stage migration mainly occurred in stage III between the 7 th and 8 th TNM systems. There were significant differences in survival among patients with disease classified by the 7 th edition as stages IIIB and IIIC disease when they were stratified using the 8 th edition TNM system. This result was similar to previous data showing that the overall survival rates were significantly different in patients with stages IIIB and IIIC disease as stratified by the 8 th system whose disease was classified by the 7 th edition system as stage IIIB disease [11] . However, no significant differences in prognosis were observed among patients with disease classified by the 8 th edition as stage IIIA disease when they were stratified using the 7 th edition TNM system. Moreover, the prognostic stratification for stage III disease according to the 8 th edition system was superior to that of the 7 th edition in terms of the HR (data not shown). These results further indicate that the 8 th edition system can provide more reasonable classification with more power than the 7 th edition system to subclassify patients with more homogenous prognoses.
However, drawbacks persist in the 8 th edition of the TNM system. As the present study shows, there were no significant differences between the 8 th edition stages IIIC and IV in terms of DSS rates. Moreover, similar prognoses were observed between patients with T4bN3aM0/T4bN3bM0/ T4aN3bM0 and TxNxM1 disease when the prognoses of patients with disease in stage IIIC and stage IV subcategories were analyzed. Through the step-by-step incorporation of T4bN3bM0, T4aN3bM0, and T4bN3aM0 into stage IV, we further confirmed that the best prognostic stratification of stages IIIC and IV occurred when T4bN3bM0 and T4aN3bM0 were incorporated into stage IV. According to these results, we propose a revision of the 8 th edition TNM staging system in which both T4bN3bM0 and T4aN3bM0 are incorporated into stage IV because of their similar prognoses.
To investigate the validity of the revised TNM system, a 3-step multivariate analysis was performed. In the 2 nd step of the analysis, both the 7 th and the 8 th edition systems were confirmed to be independent predictors of patient survival. Additionally, compared with the 7 th TNM system and its stage III, both the 8 th TNM system and its stage III had better or at least comparable discriminatory ability, which was consistent with the findings of previous studies [12, 13] . These results indicate that the 8 th TNM system is superior to the 7 th system for predicting the 5-year DSS rates of gastric cancer patients due to the optimum prognostic stratification of stage III disease. However, when the revised system was also included in the 3 rd step of the analysis, it became an independent predictor of survival, whereas both the 7 th and 8 th edition staging systems were no longer independent predictors. Most importantly, the proposed system had a higher C-index, a higher AUC, and a smaller AIC value than the 7th and 8th edition systems, which suggested that the revised system had superior discriminatory ability to the 7 th and 8 th edition systems. Although there were no extreme differences between the revised system and the 8 th edition system, the revised system indeed had superior prognostic stratification for stage IIIC and stage IV disease. Therefore, our results demonstrated that the revised system is superior to the 7 th and 8 th edition systems for prognostic assessment.
The main limitation of the current study is its retrospective analysis setting. The impact of various treatment-related outcomes could not be evaluated fully in this study. Despite this limitation, our data provide important insight into the application of the 8 th edition system and the revised TNM classification system for gastric cancer patients. Our study could be the basis for a subsequent prospective clinical study.
In conclusion, the present study demonstrates that the 8 th TNM system is superior to the 7 th system for predicting the 5-year DSS rates of gastric cancer patients due to the optimal prognostic stratification of stage III disease. However, for better prognostic stratification, we propose a revised TNM system in which T4aN3bM0 and T4bN3bM0 are incorporated into stage IV. Since the revised system was superior to the 8 th edition system in terms of its discriminatory ability, we recommended that this system be considered for clinical application. Further studies should be carried out to confirm our results.
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